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ABSTRACT 

Compared with other media, programmable bricks provide children with the opportunity to create their own 
product and, through this process, to express creative thinking. Studies have found that learning robotics or 
integrating programming bricks into courses can help to develop students’ problem-solving abilities and enhance 
their learning performance. This study attempted to develop a one-to-one Topobo robotics course for 
kindergarten children and to explore teacher-student interaction patterns. This study used a creative thinking 
spiral as the framework for the Topobo robotics course. The research sample included a five-year-old child and a 
preschool teacher. Topobo, the programmable bricks, was the main learning tool in this course, and the 
sequential analysis method was used to identify teacher-student interaction patterns. Based on the frequency of 
the teacher-student interactions, this study found that two behaviors, the student’s “play” and the teacher’s 
“guidance,” appeared most frequently. Moreover, the results of sequential analysis and content analysis of the 
videotaped learning process indicated that the teacher’s guidance helped the student to assemble or play with the 
Topobo bricks. The teacher’s questions encouraged the student to express and share his ideas or identify and 
solve problems. This study proposes suggestions for future studies on this issue. 

Keywords: Topobo, Creative thinking spiral, Teacher-student interaction, Sequential analysis 

INTRODUCTION 

Many new technologies, such as games and robots, have been applied to educational fields (Chen, Chiang, Liu, 
& Chang, 2012; Feng, Lin, & Liu, 2011; Lin et al., in press; Liu, 2011; Liu & Lin, 2009; Miller & Robertson, 
2010; Nelson, Erlandson, & Denham, 2011), and the concept of media literacy, which includes the ability to use 
new technology, has received increasing attention (Chang & Liu, 2011; Chang, Liu, Lee, Chen, Hu, & Lin, 2011; 
Chang, Shieh, Liu, & Yu, 2012; Liu, Lin, Jian, & Liou, 2012). Programmable bricks provide children with the 
opportunity to create their own products and to express creative thinking (Lin, Liu, & Huang, 2012; Lin, Liu, 
Kou, Vimes, Sutinen, & Cheng, 2009; Liu, Lin,& Chang, 2010). Liu (2010) interviewed forty-eight elementary 
school students about their perceptions of robots and found that students tend to perceive learning of robotics as 
a way to high technology. Some studies have found that integrating educational robotics or programming bricks 
into courses could improve students’ problem-solving abilities and enhance their learning performance (Chang, 
Lee, Wang, & Chen, 2010; Chang, Lee, Chao, Wang, & Chen, 2010; Liu, Lin, & Chang, 2010). Most of these 
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studies have focused on primary school, middle-high school students, and even higher education students, but 
few studies have examined how to design robotics course for kindergarten children and how children learn in 
these courses (Bers, 2007; Levy & Mioduser, 2008; Vimes & Sutinen, 2009). 

The five stages of creative thinking spiral model proposed by Resnick (2007) can illustrate both how children 
develop their creative thinking and how teachers interact with their students. These five stages are illustrated 
within the context of a robotics course: imagining (e.g., guiding students to imagine the product of a robotics 
course), creating (e.g., assembling bricks in a robotics course), playing (e.g., playing with the products in a 
robotics course), sharing (e.g., sharing and expressing ideas in a robotics course) and reflecting (e.g., identifying 
and solving problems in a robotics course).Through the above process, learners may share their new ideas, 
develop assembly skills and solve problems in a robotics course. Moreover, creative behaviors have been viewed 
as the performance of creative thinking. The period of creative behavior starts with motivation and proceeds to 
the accomplishment of forming a product (Harris, 1998; Lubart, 2001). In the past, although the participants 
mentioned by Resnick were elementary students, Resnick’s original concept was based on lifelong kindergarten 
(Resnick, 1998). Moreover, Virnes and Sutinen (2009) also designed a robotics course for kindergarten students 
using Topobo developed by Raffle, Parkes and Ishii (2004). In this pilot study, we attempted to design a 
one-on-one kindergarten Topobo robotics course to encourage learners to share new ideas, develop assembly 
skills and solve problems; we also designed the course to explore possible teacher-student interaction patterns. 

Teacher and student interaction is understood to be an important issue in education, and teacher-student 
interaction is beneficial for students’ learning. Flanders (1970) developed an analytical system for 
teacher-student interaction and identified seven categories of teachers’ behaviors: clarifying feelings, praising, 
using students’ ideas, asking questions, lecturing, giving directions, and criticizing. Amidon (1959) indicated 
that teachers could help to develop students’ ideas by asking questions. Liu and Elicker (2005) found that when 
teachers asked specific questions or asked for students’ help, children felt more confident and secure. Two roles 
can be identified among teachers and students: parallel and inclination. When teachers and students perform 
parallel roles, they have equal status. When teachers and students perform inclination roles, they interact as 
educators and the educated (Liu & Elicker, 2005). For teachers, behaviors such as playing with children and 
expressing their experiences were related to the parallel role, and behaviors such as directing and asking 
questions were related to the inclination role. During teacher-student interactions, teachers can use strategies 
such as denomination, correction, and expansion to reconceptualize the information provided by the children 
(Rosemberg & Silva, 2009). While a few studies have investigated teacher-student interactions, most previous 
studies have been conducted in a classroom context where one teacher was responsible for several children. Chi, 
Siler, Jeong, Yamauchi and Hausmann (2001) suggested that in a one-to-one context, instructors could provide 
suitable support according to students’ needs, thereby enhancing students’ motivation and learning performance. 
This study uses a quantitative content analysis of video recordings and a sequential analysis method to explore 
teacher-student interaction patterns; these methods are applied to a situation in which children leam by using 
programmable bricks via the creative thinking spiral model (Resnick, 2007). The teacher-student interaction 
patterns are evaluated to determine the effectiveness of the Topobo robotics course as a pilot study. 

METHOD 

Participants and course design 

To explore the application of Topobo for instruction and teacher-student interactions, this study conducted an 
empirical, exploratory case study with an observation and analysis of a videotaped teaching case to understand 
teacher-student interaction patterns. The participants in this study were one five-year-old child and a 
kindergarten teacher. Topobo, the programmable bricks invented by Raffle, Parke and Ishii (2004), were used as 
learning materials. The detailed background and characteristics of the student and the teacher are shown in 
Figure 1. 
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Figure 1: Characteristics of the student and the teacher 


This course had three purposes or goals: 1. encouraging the student to propose and share new ideas; 2. 
developing the student’s assembling skills and playing with programming bricks; and 3. helping the student to 
identify and solve problems. The course structure is shown in Figure 2. The design of the robotics learning 
course was based on the creative thinking spiral model proposed by Resnick (2007). Five elements were 
included in this course: imagining, creating, playing, sharing and reflecting. 

In the imagining stage, the teacher gave the child a treasure-hunting map and explained the task. The student 
explored the map and collected the bricks he needed. In the creating stage, the student assembled the bricks to 
create products for different tasks. In the playing stage, the teacher and the child used the products to complete 
the task. In the sharing stage, the teacher and the child shared their experiences, feelings, and ideas. Finally, in 
the reflecting stage, the child identified some problems with his products and attempted to redesign or add 
functions to his products. 
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Figure 2: Topobo robotics course structure 


The Topobo robotics course is a four-hour, one-to-one course that includes seven tasks. Task 1 to task 3 asked 
the child to use one motor in his products, and task 4 to task 7 asked the child to use two or more motors in his 
products (Table 1). The student had to assemble Topobo robotics to solve the assigned learning tasks on the map. 
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The study field was a semi-closed space. There was only one door, at the front of the classroom, and one video 
camera was set up in the front of the classroom to record the teacher-student interactions. 


Table 1: The task list in the Topobo robotics course 


Taskl: Snail 

Task2: Dragonfly 

Task3: Penguin 

Single motor 

Task4: Ant 


Task5: Shepherd dog 

Two motors 

Task6: Elk 

Task7: Dinosaur 



Materials 

Topobo 

Topobo was designed by Raffle, Parkes, and Ishii in 2004. The Topobo programmable bricks are based on the 
concept of 3D construction. Topobo includes two kinds of bricks, active and passive. Passive bricks include 
straight-, T-, L- (90°), and tetra- (108°) shaped bricks. The active bricks are egg-shaped objects that are able to 
record and play back movement (Figure 3). In this course, we provided Topobo bricks for the student to create 
different kinds of products. 



Figure 3: Actives (left) and passives (right) in Topobo system 


The teacher-student interaction coding scheme 

The teacher-student interaction coding scheme was based on a design from previous studies (Flanders, 1970; 
Perraton, 1987). Seven codes were included in this coding scheme: T1 (providing guidance), T2 (correcting 
mistakes), T3 (asking questions), SI (assembling bricks), S2 (playing with the products), S3 (sharing and 
expressing ideas), and S4 (identifying and solving problems) (Table 2). 


Table 2: Coding scheme for teacher-student interaction in robotics learning activities 


Code 

Actor 

Dimension 

Description 

T1 

Teacher 

Providing 

Guidance 

The teacher explains how the activity proceeds. 

T2 

Teacher 

Correcting 

mistakes 

The teacher identifies the student’s mistake and 
provides direction. 

T3 

Teacher 

Asking 

questions 

The teacher asks questions to guide the student. 

SI 

Student 

Assembling 

bricks 

The student assembles bricks independently. The 
teacher and the student assemble the bricks together. 

S2 

Student 

Playing with 

the products 

The student plays with the product independently. The 
student and teacher play with the product together. 

S3 

Student 

Sharing and 

expressing 

ideas 

The student shares his experience with the teacher. The 
student shares his ideas with the teacher. 

S4 

Student 

Finding and 

solving 

problems 

The student identifies problems. The student proposes 
solutions to the problems. 


For content analysis, each interaction behavior was coded by three educational researchers. Coding the four-hour 
robotics learning activities produced 432 codes. The value of the Kappa coefficient was .92 (p<.001), indicating 
that the data had very good inter-rater reliability. 
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Lag sequential analysis 

Lag sequential analysis was used to explore whether significant teacher-student interaction patterns existed. We 
also provided supplemental qualitative information for the significant interaction patterns during the Topobo 
robotics course. Lag sequential analysis is a useful tool for researchers to analyze relationships and extract 
patterns in behavior streams. It also allows the researchers to examine whether certain sequences of behaviors 
reached statistically significant levels (Bakeman & Quera, 1997). Lag sequential analysis has been applied in 
educational studies to explore knowledge construction patterns in online discussion forums. The sequential 
analysis software Multiple Episode Protocol Analysis 4.8 (MEPA 4.8), designed by Gijsbert Erkens, was used in 
this study. 

RESULTS AND DISCUSSION 

Descriptive statistics of teacher-student interactions 

The distribution of coded interaction behaviors during the four-hour robotics learning activities is shown in 
Figure 4. The results indicate that S2 (playing) was the most frequent behavior (n=108, 25.00%), followed by S3 
(sharing and expressing ideas: n=83, 19.21%) and T1 (guidance: n=80, 18.53%). The frequencies of the three 
codes (T2, S3, and S4) were much lower than the frequency of S2. T2 (correction) constituted only 6.02% of all 
interaction behaviors during the robotics learning activities. It is worth noting that in the robotics learning 
activities, the teacher rarely corrected the student’s errors directly (6.02%), and the child was encouraged to play 
with Topobo (25.00%). Additionally, T1 (guidance) was an important interaction behavior for the child, who 
often shared his ideas with the teacher during the robotics learning activities. 


120 



T1 T2 T3 SI S2 S3 S4 


Figure 4: Distribution of quantitative content analysis of interaction behaviors in robotics learning 

Lag sequential analysis of teacher-student interactions 

To further investigate whether significant interaction patterns were present during the robotics learning activities, 
calculations of sequential transfer matrixes were performed. The adjusted residual table of sequential analysis 
was then inferred (as shown in Table 3). Table 3 indicates that the seven sequences that reached a significant 
level during the robotics learning activities were Tl-^Sl, T1-^S2, T3-^S3, T3-^S4, S3-^S2, S4-^T1, and 
S4^T2 (Figure 5). 


Table 3: Adjusted residuals table of sequential analysis (lag=l) 



T1 

T2 

T3 

SI 

S2 

S3 

S4 

T1 

-2.78 

-1.02 

0.06 

3.34* 

2.46* 

-0.44 

-1.58 

T2 

-0.86 

-0.48 

0.55 

-0.88 

-0.21 

0.00 

1.84 

T3 

-2.01 

-1.63 

-1.95 

-0.72 

-2.61 

4.87* 

3.23* 

SI 

0.51 

1.29 

-0.11 

1.73 

-2.25 

1.18 

-1.07 

S2 

1.62 

-0.24 

-0.52 

-0.52 

-2.01 

1.87 

-0.39 

S3 

-0.07 

0.00 

1.80 

-0.99 

2.77* 

-4.02 

0.45 

S4 

3.07* 

2.02* 

-0.12 

-2.16 

0.81 

-2.29 

-1.44 


*P<0.05 
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Figure 5: Lag sequential-analysis diagram of teacher-student interaction in robotics learning activities 


This study found that the student’s behaviors of identifying and solving problems were significantly followed by 
the teacher’s questions (T3-^S4). The results indicated that the teacher’s questions triggered the student’s 
reflection. After analyzing the student’s behaviors in this sequence, it was found that 50% of the student’s 
behavior involved proposing solutions and 42% involved solving problems independently. These results suggest 
that teachers’ questions can encourage students to reflect on problems and attempt to identify possible solutions. 
However, S4 (finding and solving problems) did not occur repeatedly, indicating that the student could not 
identify and solve problems by himself and required the teacher’s support. Furthennore, the student’s behavior 
of expressing and sharing his ideas significantly followed the teacher’s questions (T3^S3) (z=3.23, p<.05), 
indicating that the teacher’s questions triggered the student’s reflection and expression. The content analysis 
showed that the student shared his new ideas most frequently and that the teacher’s questions triggered the 
student’s imagination and willingness to share his ideas. Additionally, the teacher often asked the student 
questions to identify his reasons for performing certain behaviors. The following excerpts of dialogue from the 
content analysis of the video demonstrate that the questions provided the opportunity for the student to explain 
the motivation behind his behavior. 

Teacher: The snail walks very slowly. Can we help him? 

Student: Yes! 

Teacher: How? 

Student: We can assemble a whipping top! 

Teacher: How can a whipping top help the snail? 

Student: The whipping top can spin fast, and it can help the snail move faster. 

(20110130-S3-1-1006) 

The sequence T1-^S1 achieved significance(z=3.34, p<.05), indicating that the teacher’s guidance gave the 
student direction in assembling the programmable bricks. This sequence suggests that providing suitable support 
(such as helping to assemble the tiny components or explaining the task) helps the child to assemble the bricks 
independently. However, the results of the sequential analysis demonstrated that after the student finished 
assembling (SI), the action that sequentially connected to other behaviors showed no significant sequences. This 
result indicated that the assembling behavior did not extend to other creative thinking activities, such as playing 
(S2), sharing (S3) or problem solving (S4). Additionally, the sequence T1->S2 reached a statistically significant 
level (z=2.46, p<.05), suggesting that the student’s play behavior often followed the teacher’s guidance. Clearly 
introducing the course rules and objectives would help the teacher and student to achieve consensus and to 
cooperate in the game. After the student finished S2 (play), the sequential connection of this action to other 
behaviors showed no significant sequences. Thus, in the Topobo robotics course, play behaviors did not occur 
spontaneously, and the teacher’s guidance was important. The results indicate that the teacher’s guidance 
triggered the student’s building and playing behaviors. Furthermore, the teacher’s questions may trigger the 
student’s sharing and problem-solving behaviors. This result suggests that the teacher’s support was important to 
the student in this course. 

To provide adequate support and maintain the student’s engagement in the course, the teacher paid attention to 
the student’s problems and attempted to provide appropriate support. Two sequences, S4^T2 (z=2.77, p<.05) 
and S4->T1 (z=3.07, p<.05), reached statistically significant levels, indicating that when the student had 
problems during the robotics learning activities, the teacher provided guidance. This behavioral transition 
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showed that the teacher cared about the student’s problems and provided guidance for the student during the 
Topobo robotics course. 

The sequence S3-^S2 achieved a statistically significant level, suggesting that before the child played with the 
programmable bricks or assembled products, he expressed and shared his ideas with the teacher. In Resnick’s 
model (Resnick, 2007), children shared their experiences or ideas only after they had the play experience. 
However, in this study, the student shared his ideas before he played the game to clarify the rules and goals of 
the task. 

The relationship between course objectives and teacher-student interaction 

In this section, we examine the relationship between the course objectives and the teacher-student interactions. 
Objective 1: Encourage the student to propose and share new ideas. 

One of the objectives of this course was to encourage the student to propose new ideas. Therefore, when the 
student proposed ideas, the teacher responded positively or by asking questions to allow the student to express 
his ideas. The lag sequential analysis indicated that the sequence T3-^S3 (i.e., from the teacher’s question to the 
student’s sharing behavior) reached a significant correlation (z=4.87, p<.05). Through positive responses and 
questioning, the teacher encouraged the student to express new ideas. Furthermore, the sequence S4-^T1 
achieved a significant level. Following this sequence, when the student had problems, the teacher provided ideas 
for the student. After the discussion and sharing process, the student was able to generate more ideas. The 
following excerpt of dialogue from the content analysis of the video demonstrates these findings: 

Student: I want to use the flag to distract the monster. 

Teacher: I think....how about using the whipping top? 

Student: Mm . Oh, I got it. I want to assemble a whipping top to defend against the monster’s attack. 

(20110130-T1-3-1115) 

Learning to share and express ideas is a very important skill. Through the process of creating new products and 
sharing ideas, the student engaged in the creating process (Resnick, 2007). In this course, we encouraged the 
student to share and express his ideas through the teacher’s questions. The result of the sequential analysis 
showed that the sequence T3-^S3 reached a significant level (n=19, z=4.87, p<.05), indicating that the teacher’s 
questions were a useful strategy to encourage the student to express his ideas. When the teacher asked questions, 
the student had to organize his thoughts and attempt to express them clearly. Through a series of questions, the 
teacher helped the student clarify his ideas, and the student was able to explain his thoughts and motives more 
clearly. The following excerpts of dialogue from the content analysis of the video demonstrate these findings: 

After student assembled a fish: 

Teacher: . Why are the fins of the fish not the same size? 

Student: Because the fish is sick... (20110130-T3-R159) 


Student: Now, someone wants to steal their treasure. 

Teacher: Who? 

Students: This small green monster. 

Teacher: The green monster again? He usually comes to steal the treasure when people sleep. Why is 
he so bad? 

Student: Because he wears a mask. 

Teacher: So we cannot identify him? 

Student: Yes. ' (20110130-S3-1-P192) 

Objective 2: Develop the student’s assembling skills and play with the programming bricks. 

In this course, we provided programmable bricks, Topobo, for the student to develop his assembling skills. 
Because the student lacked experience assembling the programmable bricks, the teacher guided the student 
systematically in an attempt to motivate the student to assemble the bricks. The result of the teacher-student 
interaction analysis indicated that the teacher’s guidance enhanced the student’s assembling behavior (i.e., 
Tl-^Sl) (z=3.34, p<.05). In the process, the student learned to identify which kinds of bricks and motors he 
needed and how to analyze his mistakes. After analyzing the student’s assembling behaviors, it was found that 
the student assembled the bricks independently. As Figure 6 shows, the student gradually developed his 
motivation and ability to assemble the programmable bricks and completed a series of products to achieve the 
learning tasks. Play was an important objective in this course, and we hoped that the student would be able to 
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apply his own motivation to complete the tasks. The student had to learn to control the motor and construct the 
product in accordance with his imagination and design. Therefore, the teacher clearly explained the operation of 
the motor to the student. The sequential analysis showed that the sequence T1-^S2 reached a significant level, 
indicating that guidance on the control and operation of the motor was useful for the student and allowed him to 
continue and complete the tasks. 
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'•if 
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’m ~~ ^ 
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Wall 

Scorpion 

Dinosaur 


Figure 6: The child’s six products 


Objective 3: Discussion to help the student identify and solve problems. 

Reflection is an important element of the creative thinking spiral. Reflection helps a student to evaluate his 
products according to certain standards or rules and to choose suitable strategies to solve problems. A goal of 
this course was to encourage the student to develop the ability to identify problems, test possible solutions, 
attempt to fix the problem, solve the problem, and then attempt to refine his work. The sequential analysis 
showed that the sequence T3-^S4 reached a significant level (n=12, z=3.23, p<.05), indicating that the teacher’s 
questions helped the student to identify problems and consider possible solutions. 

CONCLUSIONS AND SUGGESTIONS 

This study examined whether a child developed assembling abilities, willingness to share ideas, and the ability to 
identify and solve problems during the Topobo robotics course. The main purpose of this study was to develop a 
robotics course for kindergarten children and to investigate the patterns of teacher-student interactions to 
evaluate the effectiveness of the course. In this study, the child developed assembling ability, willingness to 
share his ideas, and the ability to identify and solve problems. Interestingly, the teacher’s guidance or support 
was very important for the children, and different strategies had different effects on the child’s behavior. 
Providing children with concrete rules and guidance is beneficial for their ability to assemble and play with the 
programmable bricks. Additionally, by asking children questions, teachers can help students to identify 
problems, propose solutions, and share their ideas. This study found that the teacher was an important element in 
enhancing the child’s learning and engagement in the robotics learning activities. Even in a constructivist 
learning environment, the role of teacher remains essential. By providing various suitable strategies, the child 
could use his imagination and could identify and solve problems. Programmable bricks were a new learning 
material for this kindergarten child, and the teacher’s support was necessary. Based on the results of this study, 
we suggest that teachers should provide different supportive strategies, such as providing guidance or asking 
questions, to help children develop their ability to assemble the programming bricks, identify and solve 
problems, and increase their willingness to propose and share their ideas. 

Although the teacher’s support allowed the child to identify and propose solutions to problems, the child’s ability 
to identify and solve problems did not occur repeatedly. The student did not develop the habit of identifying and 
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solving problems independently. Chi, Siler, Jeong, Yamauchi and Hausmann (2001) suggested that in a 
one-to-one context, instructors could provide suitable support according to students’ needs. However, in such a 
context, children might feel that they are in an unequal position in relation to the teacher and rely on the adult’s 
help. Peer interaction is also an important element of a learning environment, but in a one-on-one context, the 
child had no peers to interact with and fewer opportunities to leam by observing, so he relied more on the 
teacher’s support. Because the programming bricks were a new technology for the child, concrete examples 
during the learning process that allow the child to observe or imitate would decrease the child’s difficulty in 
identifying and solving problems. 

This work has some limitations that should be addressed in future research. A robotics course for kindergarten 
children was developed in this study is a one-on-one context. In future research, teacher-student interactions in a 
classroom context should be explored. Moreover, the teacher-student interaction patterns and peer interaction 
patterns could be compared to provide more information about how students interact with teachers or peers in a 
learning environment using programmable bricks. Furthermore, the design of the robotics course was based on 
the creative thinking spiral model, which includes five elements: imagining, creating, playing, sharing, and 
reflecting. The micro-view perspective was applied to evaluate the effectiveness of the robotics course by 
exploring teacher-student interaction patterns. More empirical studies are required to identify the sequence 
pattern of the five elements in the robotics course and to provide more information about how kindergarten 
children develop their creative thinking during this type of course. 
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